Guarding the genome: electrostatic repulsion of water by DNA suppresses a potent nuclease activity of topoisomerase IB.
Type IB topoisomerases cleave and rejoin DNA strands through a stable covalent DNA-(3'-phosphotyrosyl)-enzyme intermediate. The stability of the intermediate is a two-edged sword; it preserves genome integrity during supercoil relaxation, but it also reinforces the toxicity of drugs and lesions that interfere with the DNA rejoining step. Here, we identify a key determinant of the stability of the complex by showing that introduction of an Sp or Rp methylphosphonate linkage at the cleavage site transforms topoisomerase IB into a potent endonuclease. The nuclease reaction entails formation and surprisingly rapid hydrolysis of a covalent enzyme-DNA methylphosphonate intermediate. The approximately 30,000-fold acceleration in the rate of hydrolysis of a methylphosphonate versus phosphodiester suggests that repulsion of water by the DNA phosphate anion suppresses the latent nuclease function of topoisomerase IB. These findings expose an Achilles' heel of topoisomerases as guardians of the genome, and they have broad implications for understanding enzymatic phosphoryl transfer.